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ABSTRACT: Scopoletin is a coumarin derivative known for its antioxidant capacity. The present study was undertaken 
to investigate the blood pressure lowering effect of scopoletin in multiple models of hypertensive rats. To obtain animal 
models of hypertension, a number of 18 Wistar-Kyoto male rats were divided into two groups receiving a combination 
of oral prednisone and salt for 14 days (PN group, the endocrine hypertension model) while another half received the 
same inducers with an additional Nω-nitro-L-arginine methyl ester (L-NAME) for 2 days (PNL group, oxidative stress-
associated hypertension model). The rats were anesthetized with propofol and subdivided into 3 groups receiving 
control, scopoletin 10 mg/kg, and tempol 100 µmol/kg. The systolic blood pressure (SBP), diastolic blood pressure 
(DBP), mean arterial blood pressure (MAP) and heart rate (HR) were recorded for 120 minutes after a single dose of 
drug commencement. The serum concentration of nitric oxide (NO) was measured before and at the end of the 
experiment. The data were analyzed using two-way ANOVA followed by Tukey’s HSD with 95% confidence interval. 
The results showed that scopoletin decreased the SBP, DBP, and MAP of the rats significantly (p<0.05) without any 
significant effect on the animal HR (p>0.1). The concentration of NO in animals receiving scopoletin and tempol was 
greater as compared control, but there was no significant difference in blood NO between both hypertensive models 
(p>0.1). The study concludes that scopoletin is effective as blood pressure lowering agent on oxidative stress-associated 
hypertensive rats. 
KEYWORDS: scopoletin; antihypertensive; heart rate; nitric oxide; oxidative stress; L-NAME. 
 1. INTRODUCTION 
Hypertension is considered the biggest sole contributor to the global burden of diseases in human and 
global mortality as well. The prevalence of high blood pressure continues to increase worldwide and is 
expected rise 10% in all regions. The high mortality from this disease is predominantly mediated through 
coronary heart disease and stroke [1]. Global data show that nearly one billion people have elevated blood 
pressure, in which two-thirds of them are in developing countries. This disease kills approximately 8 million 
people every year worldwide and 1.5 million in ASEAN countries [2]. The family life survey in Indonesia 
revealed that 70% of those living with high blood pressure were undiagnosed and left untreated. Moreover, 
90% of the hypertension cases are uncontrolled [3].  
Scopoletin (6-methoxy-7-hydroxycoumarin, Figure 1A) is a popular coumarin derivative that has been 
isolated from several plant species from different families. These include Solanaceae, Aceraceae, Brassicaceae, 
Compositae, Convolvulaceae, Rutaceae, Umbelliferone and many others that mostly grow in Indonesia. These 
plants produce scopoletin with different amount and can reach 700 nmol/g of fresh weight of the plant [4]. 
Following some reports on the traditional use of these plants, many studies have revealed that scopoletin 
exhibits some interesting pharmacological properties, ranging from anti-infectious, cytotoxicity, anti-
inflammatory, and those acting within the cardiovascular system [4–8]. In addition, some in vitro studies prove 
that scopoletin exhibits a potent antioxidant activity that makes this chemical even more potential for drug 
development [9–11]. Some plants’ extracts that contain scopoletin have also been confirmed for their 
pharmacological activities in the cardiovascular system. These include vasorelaxant and hypotensive effects 
investigated in rats and rabbits [12–14]. 
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Several antioxidant compounds that exhibit blood pressure lowering effect have been reported. Vitamin 
C and E are among the most well-known antioxidants that significantly lower the blood pressure [15–17]. 
Astaxanthin, a natural antioxidant from aquatic living organisms, can reduce the systolic and diastolic blood 
pressure and delay the progression of stroke [18]. Tempol, a nitroxide antioxidant used in the present study 
(Figure 1B), has been reported to cause rapid and dose-dependent blood pressure lowering effect when 
administered intravenously [19]. These scientific reports support the potency of antioxidant compounds in 
lowering the blood pressure in both experimental animals and hypertensive human. Hence, to study the blood 
pressure activity of antioxidant compounds, the use of oxidative stress animal models is suggested. These 
include the use of NG- nitro- l- arginine methyl ester (L- NAME) as the pharmacological inducer to obtain 
oxidative stress-related hypertension [20].  
   
A     B 
Figure 1. Chemical structures of A) Scopoletin (C10H8O4), 7-hydroxy-6-methoxychromen-2-one; B) Tempol 
(C9H18NO2), 1-λ1-oxidanyl-2,2,6,6-tetramethylpiperidin-4-ol. 
Scopoletin is likely to have a great potency to lower the high blood pressure. Hence, this compound 
could be developed to an antihypertensive drug. However, the blood pressure lowering effect of scopoletin as 
a single compound has not been reported to our knowledge. This manuscript provides an overview of 
antihypertensive activity of scopoletin on some hypertensive models in rats. 
2.  RESULTS 
In general, the blood pressure and heart rate of PNL animal were higher than those of PN animal after 
the hypertensive induction (Table 1). However, comparative analysis of the parameters did not show any 
significant different between both groups (p>0.1). On the other hand, the comparative effect of the treatment 
of scopoletin on the blood pressure and heart rate is presented in Table 2.  
Table 1. Comparative effect of the hypertensive induction to blood pressures and heart rate.   
Parameter Animal Model n Mean ± SEM P 
SBP (mmHg) 
PN  9 207.90 ± 7.10 
0.160 
PNL  9 225.13 ± 9.30 
DBP (mmHg) 
PN  9 185.66 ± 6.80 
0.191 
PNL  9 200.27 ± 8.26 
MAP (mmHg) 
PN  9 198.02 ± 7.88 
0.202 
PNL  9 213.92 ± 8.96 
HR (bpm) 
PN  9 381.12 ± 16.49 
0.605 
PNL 9 398.51 ± 28.49 
SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; PN: group 
treated with prednisone + NaCl; PNL: group treated with prednisone + NaCl + L-NAME. 
2.1. Systolic (SBP) and diastolic blood pressure (DBP) 
The treatment influenced the systolic (SBP) and diastolic blood pressure (DBP) significantly (p<0.05). 
Scopoletin caused a remarkable decrease in SBP and DBP as compared with control and tempol. Comparative 
blood pressure lowering effect of scopoletin to SBP and DBP (Table 3) shows that the compound is superior 
in oxidative stress-associated hypertensive rats (PNL group). Figures 2 and 3 demonstrate the 
antihypertensive effect of scopoletin to SBP and DBP in both hypertensive models during 120 minutes of 
observation. 
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2.2. Mean Arterial Pressure (MAP) 
The treatment of scopoletin also influenced mean arterial pressure (MAP) significantly (p<0.05). The 
decrease of MAP due to scopoletin was better as compared with control and tempol. Comparative effect of 
scopoletin between PN and PNL group (Table 4) shows that the blood pressure lowering effect of scopoletin 
is better in oxidative stress-associated hypertensive rats (PNL group). The blood pressure lowering effect of 
scopoletin to MAP in both hypertensive models during 120 minutes of observation is demonstrated in Figure 
4.  
2.3. Heart Rate (HR) 
In contrast to SBP and DBP, the treatment did not significantly influence the heart rate (HR) of the 
animals (p>0.05). Although the HR fluctuated during the monitoring period, the change of the parameter was 
not significant (Table 3). However, the comparative effect in both groups showed that the treatment caused a 
significant decrease of HR in PN group, despite in small amount (Table 4). In this group, scopoletin caused 
the heart rate to stabilize despite other group showed dramatic change. The effect of scopoletin on HR in both 
hypertensive models during 120 minutes of observation is demonstrated in Figure 5.  
Table 2. Average effect of the treatment to blood pressures and heart rate. 
Doses SBP DBP MAP HR 
Control -4.11 ± 1.61a -2.63 ± 2.25a -6.59 ± 2.25a 1.16 ± 2.25a 
Scopoletin -19.60 ± 1.61ab -19.63 ± 2.25c -43.33 ± 2.25c -0.21 ± 2.25bc 
Tempol -7.12 ± 1.61a -9.66 ± 2.25b -18.46 ± 2.25b -3.39 ± 2.25c 
SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; (n = 18).  
Data are expressed as mean of percent change ± SEM. Negative (-) values indicate the decrease of parameters. 
Different superscript indicates significant difference at 95% confidence interval (post hoc analysis by Tukey’s HSD). 
2.4. Serum concentration of nitric oxide (NO) 
All doses of the treatment increased the serum concentration of nitric oxide (NO) in both groups (Figure 
6). However, there was no significant difference between NO increase in PN and PNL groups due to the 
treatment (p>0.1), despite scopoletin and tempol significantly increased NO in both PN and PNL groups 
compared with control (p<0.05). Table 5 shows the comparative effect of scopoletin on the serum concentration 
of NO in both groups. 
 
Figure 2. Comparative effect of the treatment to SBP (systolic blood pressure) on different hypertensive 
models during 120 minutes of observation (PN = group treated with prednisone + NaCl; PNL = group 
treated with prednisone + NaCl + L-NAME; data with negative (-) values indicate the decrease of the 
parameter; * p<0.05, ¥ 0.05<p<0.1, and ns = not significant comparative to control; n = 18). 
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Table 5. Comparative effect of the treatment to the serum concentration of nitric oxide (NO) in PN & PNL 
hypertensive groups. 
Doses 
Percent increase of NO (%) 
Average 
PN PNL 
Control 11,39 ± 0,84 29,24 ± 22,99 20,31 ± 16,81p 
Scopoletin 76,61 ± 7,17 52,60 ± 20,16 65,10 ± 20,16q 
Tempol 68,25 ± 15,93 74,43 ± 0,70 71,34 ± 9,87q 
NO: serum concentration of nitric oxide; PN: group treated with prednisone + NaCl; PNL: group treated with 
prednisone + NaCl + L-NAME; (n = 18).  
Data are expressed as mean of percent change ± SEM. Different superscript indicates significant difference at 95% 
confidence interval (post hoc analysis by Tukey’s HSD) 
3. DISCUSSION 
Scopoletin (Figure 1A, IR spectrum is shown in Figure 2) is a coumarin derivative compound which is 
usually found in higher plants. Within the last decade, several pharmacological activities of scopoletin that 
may contribute to lowering elevated blood pressure have been reported. The most closely related 
pharmacological effects are vasorelaxant and hypotensive activities from the extracts containing scopoletin 
[12–14]. Hence, further investigation on the scopoletin effect as a single compound to lower the blood pressure 
is necessary to be conducted in animal models. The use of multiple models of hypertensive animals is strongly 
suggested to mimic the pathological condition of hypertension in a human being since it is believed to be a 
complex and multifactorial disease [21,22].  
The most significant finding from the present study is that scopoletin exhibits a blood pressure lowering 
effect in hypertensive rats. The compound reduced the systolic (SBP) and diastolic blood pressure (DBP), and 
mean arterial pressure (MAP). Table 2 shows that scopoletin exerts its antihypertensive effect without 
significantly influencing the heart rate (HR). When compared with tempol, a well-known antioxidant, 
scopoletin caused a better blood pressure lowering effect. In addition, the treatment of scopoletin also 
decreased all blood pressure parameters over time during 120 minutes of observation (Table 3). Interestingly, 
this hypotensive effect improved significantly in oxidative stress-associated hypertensive animals (PNL 
group). Comparative effect of all doses for all blood pressure parameters demonstrated in Table 4 shows a 
significant antihypertensive effect in oxidative stress hypertension (PNL group) as compared with general 
hypertension (PN group). 
 
Figure 3. Comparative effect of the treatment to DBP (diastolic blood pressure) on different hypertensive 
models during 120 minutes of observation (PN = group treated with prednisone + NaCl; PNL = group 
treated with prednisone + NaCl + L-NAME; data with negative (-) values indicate the decrease of the 
parameter; * p<0.05, ¥ 0.05<p<0.1, and ns = not significant comparative to control; n = 18). 
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The use of the direct method of blood pressure measurement has been suggested as the gold standard 
since it provides a straight indication to the circulatory system and beat-to-beat information with more 
accuracy. This intra-arterial monitoring was used in the present study by directly inserting a saline-filled 
catheter into the carotid artery. Although this method is invasive and may cause fluctuation due to anesthesia, 
it is still considered as a good choice to investigate the vascular reaction to several test compounds, such as 
scopoletin and tempol that were investigated in this study [23,24].  
To study hypertension in experimental animals, a number of models have been introduced. The use of 
multiple models in investigating the blood pressure lowering effect of a test compound or plant extract is 
necessary to represent several pathological conditions of human hypertension for in vivo investigation. A 
combination of prednisone and NaCl has been used in some investigational studies for plant extract [25,26]. 
This model of hypertension is comparable to major types of clinical hypertension in human, mainly the 
primary aldosteronism and chronic high salt intake hypertension [21]. The addition of Nω-nitro-L-arginine 
methyl ester (L-NAME) may cause endothelial dysfunction due to inhibition of endothelial nitric oxide 
synthase (eNOS) enzyme. This leads to decreased capacity of endothelium-derived relaxing factor (EDRF) and 
causes overproduction of reactive oxygen species (ROS), a condition known as oxidative stress [20]. This 
condition is similar with those reported by several researcher [27–29]. 
Furthermore, the inhibition in the synthesis or bioavailability of nitric oxide (NO) has an important role 
in the progress of hypertension. The condion caused by L-NAME induced hypertension is similar to that due 
to the blocking of endothelial nitric oxide synthase (eNOS) activity [30]. However, the present data shows no 
significant difference on the NO concentration between two groups (PN and PNL) despite the serum 
cocentration of NO in PNL animal is slightly lower. The baseline values of NO concentration in both PN and 
PNL groups are comparable as demonstrated by Figure 6. This phenomenon was also observed in our 
previous study [26]. It means that L-NAME could not further induce oxidative stress since hypertensive 
condition induced by salt-prednison itself is similar with that induced by DOCA-salt [31] and Dahl-salt 
sensitive hypertensive rats [32] that has already in the oxidative stress condition. 
Table 3. Effect of the treatment to blood pressures and heart rate during 120 minutes of observation. 
Doses Percent change of parameters over time (%) 
0’ 30’ 60’ 90’ 120’ 
Systolic blood pressure (SBP) 
Control 0 ± 2.55 -1.85 ± 2.55 2.16 ± 2.55 -6.84 ± 2.55 -13.98 ± 2.55 
Scopoletin 0 ± 2.55 -19.57 ± 2.55 -21.82 ± 2.55 -25.92 ± 2.55 -27.86 ± 2.55 
Tempol 0 ± 2.55 -2.95 ± 2.55 -5.01 ± 2.55 -12.91 ± 2.55 -14.75 ± 2.55 
Diastolic blood pressure (DBP) 
Control 0 ± 3.56 -1.6 ± 3.56 -0.71 ± 3.56 -3.5 ± 3.56 -7.31 ± 3.56 
Scopoletin 0 ± 3.56 -17.34 ± 3.56 -23.39 ± 3.56 -28.49 ± 3.56 -28.9 ± 3.56 
Tempol 0 ± 3.56 -2.67 ± 3.56 -5.73 ± 3.56 -17.82 ± 3.56 -22.17 ± 3.56 
Mean arterial pressure (MAP) 
Control 0 ± 6.13 -3.34 ± 6.13 4.37 ± 6.13 -4.51 ± 6.13 -13 ± 6.13 
Scopoletin 0 ± 6.13 -45.61 ± 6.13 -49.79 ± 6.13 -59.27 ± 6.13 -61.97 ± 6.13 
Tempol 0 ± 6.13 -5.95 ± 6.13 -9.75 ± 6.13 -38.17 ± 6.13 -38.5 ± 6.13 
Heart rate (HR) 
Control 0 ± 3.00 5.47 ± 3.00 3.96 ± 3.00 -2.63 ± 3.00 -0.93 ± 3.00 
Scopoletin 0 ± 3.00 -3.67 ± 3.00 -1.19 ± 3.00 1.55 ± 3.00 2.26 ± 3.00 
Tempol 0 ± 3.00 -7.67 ± 3.00 -2.142 ± 3.00 -2.19 ± 3.00 -4.98 ± 3.00 
SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; (n = 18).  
Data are expressed as mean of percent change ± SEM. Negative (-) values indicate the decrease of parameters. Different 
superscript within the row average indicates significant difference at 95% confidence interval (post hoc analysis by 
Tukey’s HSD). 
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The administration of L-NAME leads to a significant increase in blood pressure. L-NAME–induced 
hypertension is also associated with an upregulation of some major antioxidants that include superoxide 
dismutase (SOD), glutathione peroxidase (GPX), and glutathione reductase (GR) activities [33]. These 
characteristics are strong indicators of oxidative stress in the cardiovascular system leading to elevated blood 
pressure [34]. Nevertheless, the present study also showed a significant increase of blood pressure in animals 
treated with L-NAME that confirmed the previous study [26]. 
 
Figure 4. Comparative effect of the treatment to MAP (mean arterial pressure) on different hypertensive 
models during 120 minutes of observation (PN = group treated with prednisone + NaCl; PNL = group 
treated with prednisone + NaCl + L-NAME; data with negative (-) values indicate the decrease of the 
parameter; * p<0.05 and ns = not significant comparative to control; n = 18). 
Tempol (4-hydroxy TEMPO, Figure 1B) is a nitroxide antioxidant which is considered among the most 
potent antioxidants in protecting the tissue from oxidative stress due to increased bioavailability of reactive 
oxygen species (ROS). Tempol exhibits a superoxide dismutase (SOD)-mimic activity and has shown a 
protective effect in many disorders associated with oxidative stress, including hypertension. The blood 
pressure lowering effect of tempol has long been reported in several animal models of hypertension [19,35,36].  
 
Figure 5. Comparative effect of the treatment to HR (heart rate) on different hypertensive models during 
120 minutes of observation (PN = group treated with prednisone + NaCl; PNL = group treated with 
prednisone + NaCl + L-NAME; data with negative (-) values indicate the decrease of the parameter; ns = 
not significant comparative to control; n = 18). 
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Herein, the use of tempol as a comparator was to be associated with the antioxidant capacity of 
scopoletin and the serum concentration of nitric oxide (NO). The result showed that the blood pressure 
lowering effect of these two compounds were mostly significant compared with control. Interestingly, 
scopoletin often caused a better effect than tempol in decreasing the blood pressure (Table 2). However, the 
raw recording data showed that tempol lowered the blood pressure in a more stable manner, despite the use 
of direct invasive measurement caused fluctuation in blood pressure parameters.  
The study showed that the serum concentration of nitric oxide (NO) increased in all treatment and 
groups, contrary to the effect on the blood pressure. Although both animal models showed comparable nitric 
oxide concentration, the PNL groups that received additional L-NAME administration was likely to be more 
responsive to the blood pressure lowering effect of scopoletin and tempol. Table 4 shows that the 
antihypertensive activity of these substances are significantly greater in PNL group, despite the equal 
concentration of NO compared with PN group. This phenomenon suggests that the oxidative stress not only 
influences the nitric oxide metabolism but may also affect other biochemical processes that contribute to the 
vascular function. Previous studies have reported that the administration of L-NAME increases the blood 
pressure along with some markers of oxidative stress in cardiac and renal tissues, organs that play a major 
role in controlling the blood pressure. Several biochemical processes such as catalase activity and lipid 
peroxidation are also altered. These processes may serve as alternative pathway in the metabolism of nitric 
oxide [37,38]. Therefore, the restoration of antioxidant capacity due to the administration of scopoletin and 
tempol may induce a better blood pressure lowering effect in the oxidative stress-associated hypertensive 
model. 
Table 4. Comparative effect of the treatment to blood pressures and heart rate in PN & PNL hypertensive 
groups 
Doses SBP DBP MAP HR 
PN PNL PN PNL PN PNL PN PNL 
Control 2.72 -10.93 1.72 -6.97 5.73 -12.32 -1.65 3.97 
Scopoletin -14.16 -25.03 -14.22 -25.03 -29.70 -56.96 -1.97 1.55 
Tempol -7.74 -6.49 -10.15 -9.17 -20.57 -16.38 -6.93 0.14 
SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; PN: group 
treated with prednisone + NaCl; PNL: group treated with prednisone + NaCl + L-NAME; (n = 18).  
Data are expressed as mean of percent change ± SEM. Negative (-) values indicate the decrease of parameters.  
 
Figure 6. Comparative effect of the treatment to the increase of serum concentration of nitric oxide (NO) on 
different hypertensive models (PN = group treated with prednisone + NaCl; PNL = group treated with 
prednisone + NaCl + L-NAME; n = 18). 
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The dose of scopoletin used in this study was 10 mg/kg. This was based on the thought that amount of 
pure compound used to perform in vivo study may be started with such a small dose [39]. Nonetheless, this 
dose was able to decrease the blood pressure and was better than that by tempol. The effect became significant 
in 90 to 120 minutes after drug commencement. This phenomenon was referred to scopoletin pharmacokinetic 
profile reported to reach the peak level in two hours after administered intravenously. Scopoletin was also 
reported to exhibit non-linear pharmacokinetics when administered intravenously in the dose of 2-50 mg/kg. 
This was also the reason to carry out a single dose of 10 mg/kg scopoletin after the rats had been settled in the 
acute operative procedure [6,40].  
4. CONCLUSION 
In conclusion, the study suggests that scopoletin is a potent antihypertensive agent that exhibits 
significant reduction of systolic blood pressure, diastolic blood pressure, and mean arterial pressure without 
producing any significant effect on the heart rate. The blood pressure lowering effect of scopoletin is significant 
in oxidative stress animal model of hypertension. 
5. MATERIALS AND METHODS 
5.1. Drug and chemicals 
Scopoletin compound was purchased from Sumatran Biota Laboratory, lot no. 1408007 (Andalas 
University, Indonesia). Prednisone was obtained from a local pharmacy. Nω-nitro-L-arginine methyl ester (L-
NAME) and tempol (4-hydroxy TEMPO) were purchased from Sigma-Aldrich (Sigma-Aldrich Corp., USA). 
Heparin and NaCl 0.9% intravenous infusion were products of BBraun (Indonesia). Nitric oxide colorimetric 
assay kit (Cat. K262-200, Lot. 80762) was purchased from BioVision (BioVision Inc., USA). 
5.2. Animal preparation 
A number of 18 adult male Wistar-Kyoto rats (weighed ±250 g and aged 2-3 months old) were 
acclimatized to normal laboratory condition with 12:12 light/dark cycles for 7 days and provided standard 
chow and water ad libitum. The animals were divided into 2 groups: a half of the animals were induced with 
prednisone 1.5 mg/kg in combination with salt solution 2.5% for 14 days (PN group), while another half were 
treated similarly, but with additional oral administration of Nω-nitro-L-arginine methyl ester (L-NAME) 20 
mg/kg in the last two days (PNL group). Hypertension was indicated if the mean arterial pressure of the rat 
>150 mmHg. This method was a slight modification of our previous study [26]. All protocols have been 
approved by the ethics committee of Andalas University (042/KEP/FK/2015). 
5.3. Antihypertensive activity evaluation 
The rats were anesthetized with propofol 150 mg/kg administered intraperitoneally and placed on a 
suitable rodent surgical table. The rat’s skin on the ventral side of the neck, right hind leg, and chest were 
carefully shaved and disinfected. The arterial blood pressure was measured directly from right carotid artery 
via an arterial cannula connected to a pressure transducer coupled with a hemodynamic recorder (Biopac MP 
150, USA). The left jugular vein was cannulated with PP 50 tubing to allow scopoletin administration and 
supplementary infusion of propofol 4%. The rats were divided into three groups receiving vehicle control; 
scopoletin 10 mg/kg; and tempol 100 µmol/kg. The doses were administered intravenously after the blood 
pressure stabilized for 60 minutes. Systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial 
pressure (MAP) and heart rate (HR) were recorded during 120 minutes of observation. The experiment was 
conducted in triplicates and all parameters were calculated as percentage changes relative to baseline values.  
5.4. Nitric oxide concentration measurement 
The blood was collected before drug administration and at the end of the experiment through the carotid 
artery. The blood was centrifuged for 15 minutes at 4000 rpm to obtain the serum and stored at -20 oC for 
further measurement. The NO concentration was determined by spectrophotometer (BioRad Lab Inc., USA) 
by using enzyme-linked immunosorbent assay (ELISA) method (BioVision Inc., USA).  
5.5. Data Analysis 
Data were presented as mean of percent change ± standard error of mean (SEM). All data from the 
experiment were analyzed using two-way analysis of variance (ANOVA). Significant differences were 
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followed by Tukey’s HSD (Honestly Significant Difference). The significance level was taken at 95% 
confidence interval. All statistical analyses were conducted by using SPSS version 19 for Windows.  
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